This is an open access article under the terms of the Creat ive Commo ns Attri bution License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited. men (66.6%) who underwent ADT. During the mean follow-up of 4.1 years, 2792 patients were newly diagnosed with cerebral infarction. In the unmatched cohort, there was a significant difference in the annual incidence of cerebral infarction between the ADT and non-ADT groups (22.8 vs 14.6 per 1000 person-years, respectively).
| INTRODUCTION
Prostate cancer (PC) is one of the most common cancers among men worldwide, and its incidence is rising rapidly in Korea. 1, 2 There are a variety of treatment options for localized PC, including radical prostatectomy and radiotherapy. 3 However, androgen deprivation therapy (ADT) is the primary treatment method for advanced and metastatic PCs. 4 ADT suppresses testosterone levels, delays the progression of PC, and improves survival. 5 However, the suppression of testosterone levels has been associated with metabolic changes including dyslipidemia, insulin resistance, and modification of body composition. 6, 7 Numerous recent studies have reported that ADT is associated with several adverse effects such as metabolic syndrome, cardiovascular diseases, dementia, and psychiatric disorders. 5, [8] [9] [10] [11] Moreover, these conditions are known to be associated with a risk for cerebral infarction. A previous study reported that ADT is associated with the risk for cerebral and cardiovascular ischemic events. 12 In addition, Azoulay et al, reported that the risk for stroke varied according to the type of ADT. 13 In a study from Asia, Teoh et al, reported that ADT was correlated with cerebral ischemic strokes in a cohort of 452 patients. 14 However, these previous studies had limitations in design in that they did not compensate for morbidity between the ADT and non-ADT groups. Moreover, conflicting results have been reported by other researchers. 15, 16 Therefore, this study aimed to evaluate the association between ADT and cerebral infarction in patients with PC using nationwide population-based data.
| MATERIALS AND METHODS

| Ethics statement
The Institutional Review Board (IRB) of Korea University Ansan Hospital (Ansan, Korea) approved this study (IRB No. 2018AS0158), which was performed in accordance with the principles of the Declaration of Helsinki. The National Health Insurance Service (NHIS) database does not allow access to information identifying patients.
| Study population selection
Approximately 97% of Koreans are enrolled in the mandatory universal health insurance program and receive comprehensive medical care. This analysis was conducted using the NHIS claims database, which includes actual claims data for the entire Korean population (approximately 50 million individuals). 17 The International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) codes were used to identify diagnoses.
| Definition of outcomes and covariates
Korean patients ≥40 years of age with an ICD-10 diagnosis code for PC (C61) between 2009 and 2016 were included in this study. ADT included the administration of oral anti-androgens (cyproterone acetate, flutamide, and bicalutamide), gonadotropin-releasing hormone (GnRH) agonists (leuprolide, goserelin, and triptorelin), estrogens (estramustine), and undergoing bilateral orchiectomy (Supplemental Table S1 ).
A time-dependent exposure definition was used, which enabled patients to transition from a period of nonexposure to a period of ADT exposure. Patients without exposure to ADT were considered as the control group only if they attended follow-up visits after the median time of undergoing ADT in the exposed group. Patients who were diagnosed with PC before 2009 were excluded. Patients with a history of cerebral disease (ischemic stroke, cerebral hemorrhage, or transient ischemic attack at any time before diagnosed PC), previous ADT treatment, but developed any type of cerebral disease before ADT, those treated with androgen receptor targeting agents, such as abiraterone acetate or enzalutamide, or GnRH antagonist, individuals with castration-resistant PC, and those who received chemotherapy after their diagnosis were excluded from this study ( Figure 1 ). Cerebral infarction was categorized using the ICD-10 diagnostic codes (Supplemental Table S2 ). To avoid selection bias and overestimation due to the inclusion of subjects with cerebral infarction, only patients with at least one diagnosis of cerebral infarction during hospitalization or two or more diagnoses in the outpatient clinic were included. Among patients undergoing ADT, incident cerebral infarction was ascertained after the start of ADT and at least six months after the diagnosis of PC. Among patients not undergoing ADT, incident cerebral infarction was ascertained six months after the diagnosis of PC.
Adjustment covariates included: age at PC diagnosis; chronic use of medication such as anticoagulant, antiplatelet, statin, selective serotonin reuptake inhibitor (SSRI), or Conclusion: This nationwide population-based study revealed that ADT was not associated with cerebral infarction after adjusting for potential confounders.
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androgen deprivation therapy, cerebral infarction, nationwide population-based study, prostate neoplasm antipsychotic medications; and a history of hypertension (HTN), any type of diabetes mellitus (DM), congestive heart failure (CHF), myocardial infarction (MI), peripheral vascular disease (PVD), malignant neoplasm, renal disease (RD), dementia, or atrial fibrillation (as defined in Supplemental Tables S1 and S2).
| Subgroup analysis and statistical analysis
The National Comprehensive Cancer Network and the European Association of Urology guidelines recommend ADT as the first management option for PC patients with metastatic disease. 3, 4, 18 To analyze only patients with localized PC at the time of diagnosis, those who underwent ADT only, without an operation or radiotherapy within six months of diagnosis, were excluded from subgroup analysis. The start of the follow-up period was defined as the time of PC diagnosis; the end of the follow-up period was defined as the date of the last available record, either inpatient or outpatient, or the time of cerebral infarction diagnosis. Baseline characteristics were compared between the ADT and non-ADT groups using the Student's t test or the χ 2 test. Hazard ratios (HRs) were calculated using multivariable-adjusted Cox proportional hazards models to evaluate the effect of ADT on the risk for cerebral infarction. To adjust for comorbidity 
| RESULTS
| Total cohort participated in the study
A total of 36 146 patients with PC, consisting of 12 077 in the non-ADT group and 24 069 in the ADT group, met the inclusion criteria ( Figure 1 ). The mean duration of follow-up was 4.1 years and 2792 (7.72%) patients were newly diagnosed with cerebral infarction. There was a significant difference in the annual incidence of cerebral infarction between the ADT (22.8 per 1000 person-years) and the non-ADT (14.6 per 1000 person-years) groups (P < 0.001) in the unmatched cohort. The ADT group was statistically significantly older, had more histories of MI, CHF, PVD, RD, and dementia, had more anticoagulant or antipsychotic use, and less statin use than the unmatched cohort (Table 1) . However, there were no statistically significant differences among baseline characteristics between the ADT and non-ADT groups in the propensity score-matched cohort. In the matched cohort, there was no significant difference in the incidence of cerebral infarction between the ADT (14.9 per 1000 person-years) and the non-ADT (14.6 per 1000 person-years) groups (P = 0.786). ADT was not associated with cerebral infarction (HR 1.045 [95% confidence interval (CI) 0.943-1.159]; P = 0.401) ( Kaplan-Meier analyses revealed that the ADT group had a lower cumulative probability of remaining cerebral infarction-free compared with the non-ADT group in unmatched cohorts (P < 0.001 [log-rank]) (Figure 2A ). However, there was no significant difference in the cumulative probability of remaining cerebral infarction-free among the ADT group versus the non-ADT group in the propensity score-matched cohort (P > 0.05 [log-rank]) ( Figure 2B ).
| Subgroup analysis
A total of 15 126 patients with PC, consisting of 12 077 in the non-ADT group and 3049 in the ADT group, were included in the subgroup analysis (Figure 1 ). In the non-matched cohort, a total of 946 (6.23%) patients were newly diagnosed with cerebral infarction. There was no significant difference in the annual incidence of cerebral infarction between the ADT (13.8 per 1000 person-years) and the non-ADT (14.6 per 1000 person-years) groups (P = 0.874).
Patients undergoing ADT were statistically significantly older, had a history of cancer, and had less statin use in the unmatched cohort (Table 3) . However, there were no T A B L E 1 Demographic characteristics of patients with prostate cancer, stratified by ADT (n = 36 146) statistically differences in baseline characteristics between the two groups in the propensity score-matched cohort. In the matched cohort, no significant difference was observed in the annual incidence of cerebral infarction between the ADT (13. (Table 4) . In Kaplan-Meier analyses, there was no significant difference in cumulative probability of remaining cerebral infarction-free between the two groups in the unmatched cohort and in the propensity score-matched cohort (P > 0.05 [log-rank]) (Figure 3) . Additionally, the duration of ADT was also not associated with cerebral infarction, both in propensity score matched full cohort and propensity score matched subgroup, excluding patients treated with ADT only without operation or radiotherapy (Table 5 ).
| DISCUSSION
Many previous studies have described a relationship between metabolic syndrome and ADT. 7, 22 Braga-Basaria et al, reported that >50% of the men undergoing longterm ADT predisposed them to higher cardiovascular risk. 7 In addition, Marin et al, suggested that testosterone deficiency was significantly correlated with HTN, obesity, and hyperlipidemia. 23 However, another study reported that associations between cerebral infarction and ADT are irrelevant-Alibhai et al, reported that ADT was associated with decreased risk for cerebral infarction (adjusted HR 0.88; P = 0.001). 15 As mentioned in a recent meta-analysis, a study reporting that ADT was not related to cerebral infarction included patients who underwent radical prostatectomy, whereas a significant relationship between ADT and stroke was observed after removing patients undergoing prostatectomy or radiotherapy. 
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Kaplan-Meier curves of cerebral infarction-free probability in the total cohort (n = 36,146). (A) Kaplan-Meier curves of cerebral infarction-free probability in patients with prostate cancer who were exposed to androgen deprivation therapy (ADT, red) and who were not exposed to ADT (blue) in an unmatched cohort. (B) Kaplan-Meier curves of cerebral infarction-free probability in patients with prostate cancer who were exposed to ADT (red) and who were not exposed to ADT (blue) in a propensity score-matched cohort 13 In addition, Jespersen et al, reported that endocrine hormonal therapy was associated with an increased risk for cerebral infarction, but there was no association between orchiectomy and an increased risk for cerebral infarction. 12 However, our results are not consistent with those of previous studies. In this study, it is noteworthy that there was a difference in cerebral infarction incidence between ADT and non-ADT patients in the crude cohort (annual incidence, 22.8 vs. 14.6 per 1000 person-years; P < 0.001), which appears to be similar to that of previous studies. However, we found that there was serious selection bias between the two groups, which means significant differences in comorbidities between the ADT and the non-ADT groups. As previously reported, medical conditions, such as DM, HTN, PVD, and arterial fibrillation, are well-known risk factors for cerebral infarction. Therefore, we assumed that if the comorbidities of both groups were similarly adjusted, the effect of ADT on cerebral infarction could be more accurately assessed. Our results demonstrated no increased risk for cerebral infarction in patients with PC treated with ADT compared with those who did not undergo ADT after adjusting for potential confounders including age, HTN, DM, CHF, PVD, atrial fibrillation, and medication status. This finding is consistent with the observation described by Chung et al, who reported that neither combined androgen blocker nor oral antiandrogen monotherapy was related to the risk for cerebral infarction among PC patients. 16 In this study, we excluded patients who were treated with androgen receptor-targeting agents or GnRH antagonist for the following reasons. The GnRH antagonists abiraterone acetate and enzalutamide were approved by the Korean Ministry of Food and Drug Safety in Korea in 2012 and 2013, respectively. Because reimbursement is only provided to patients when next-generation androgen receptor-targeting agents are used after chemotherapy, few patients qualified. In addition, the Korean health insurance system did not offer reimbursement to patients who were treated with GnRH antagonist until 2016. Therefore, in the data collection procedure, it is estimated that only 55 patients actually received next-generation androgen receptor-targeting agents and 230 received GnRH antagonists. It is controversial whether GNRH antagonists are more cardioprotective than GnRH agonists. [25] [26] [27] If a larger sample size can be accumulated in Korea, a comparative study of GnRH antagonist versus GnRH agonist will be possible. In our study, the incidence of cerebral infarction was calculated to be 14.6 cases per 1000 person-years in the non-ADT group. This result is comparable with a previously published study investigating the rate of cerebral infarction in men 65-74 years of age, with a quoted incidence of 17.7 cases per 1000 person-years in Korea. 28 Meanwhile, the incidence of cerebral infarction was estimated to be 14.9 cases per 1000 person-years in the ADT group. A notable finding of our study was that the duration of ADT was not associated with the risk for cerebral infarction in the Cox proportional hazard analysis. While only one previous study investigated the effect of ADT duration on the risk for cerebral infarction, 13 an Asian study demonstrated that ADT was correlated with cerebral infarction, reporting that ADT duration was not associated with cerebral infarction.
14 To the best of our knowledge, this study had the largest sample size investigating the association between ADT and 
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Kaplan-Meier curves of cerebral infarction-free probability in the subgroup analysis (n = 15 126). (A) Kaplan-Meier curves of cerebral infarction-free probability in patients with prostate cancer who were exposed to androgen deprivation therapy (ADT, red) and who were not exposed to ADT (blue) in an unmatched cohort. (B) Kaplan-Meier curves of cerebral infarction-free probability in patients with prostate cancer who were exposed to ADT (red) and who were not exposed to ADT (blue) in a propensity 14 However, these Asian studies had the limitation of relatively small sample sizes. The present large-population cohort study has several strengths. First, it was the first nationwide population-based study to demonstrate that ADT is not associated with cerebral infarction in Asian patients with PC. Second, our findings suggest that underlying diseases, such as HTN, MI, RD, atrial fibrillation, MI, dementia, and PVD, may be risk factors for cerebral infarction in patients with PC. Third, our study included the unique descriptions of cohort data from the entire Korean PC population rather than data from selected or registered patients from trials, specific insurance claim providers, or sponsored registries. Therefore, results of this study reflect the real-world clinical practice pattern of ADT use on a nationwide scale. Despite these strengths, however, there were some limitations that should be addressed. First, our study had a retrospective design based on claims data, and our criteria for cerebral infarction relied on diagnostic codes. Second, this study did not include information regarding prognostic lifestyle factors including history of smoking or alcohol intake, or clinical data such as the Gleason score, prostate-specific antigen levels, or tumor stage. Third, the possibility of code errors may exist in NHIS database. For example, although we excluded patients with a history of cerebral diseases, our definition of cerebral infarction may have included cerebral hemorrhagic events because the cerebral infarction subtype was not always specified in the claims data. 29 Fourth, because the NHIS database used in this study yielded a maximum of 10 years of data, the follow-up period was limited to 10 years. Nevertheless, previous studies have also reported a mean follow-up period of between 3.3 and 3.9 years, and the longest reported follow-up period was similar to that in our study. 12, 13, 30 Finally, we did not analyze the risk for cerebral infarction according to ADT type.
In conclusion, our study found no significant difference in the risk for cerebral infarction between Korean patients with PC who did and did not undergo ADT, even after adjusting for comorbidities. Because ADT is not associated with an increased risk for subsequent stroke, this study provides PC patients with increased opportunities and access to ADT, as well as providing useful information for physicians weighing the benefits and risks of ADT. If an additional large samplesize prospective study is performed, the hypotheses proposed here could be validated. 
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